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ABSTRACT
 

Gill nets of two different mesh sizes and electroshocking were 
used to capture adult chinook salmon (Oncorhynchus tshawytscha 
Walbaum> to estimate total escapement using mark and recapture 
techniques. A total of 254 gill net caught chinook salmon was 
tagged, finclipped and released, while an additional 128 were 
tagged, finclipped and released which were captured by 
electroshocking. Eight-two marked fish were subsequently 
recovered from a total of 1,018 fish and carcasses examined on 
the spawning grounds. Tag loss was estimated to be 20%. 

It was found when using gillnet data that probabilities of 
recapture were not constant over the period of release, thus a 
Petersen-type population estimate could not be made. Further, 
approximately 15 different models were examined, using stratified 
population estimators, but without success. It was not possible 
to estimate population size with the gillnet data. Ten 
additional models were also examined by pooling the 
electoshocking data with gillnet data; again without success. 

A modified Petersen estimate of 3,045 chinook salmon with an 
approximate 957- confidence interval of ± 1,100 fish was obtained 
for a pot~tion of the river when using elech~oshc,ckiy,g data. This 
estimate was expanded, using aerial survey observations on fish 
distribution, to a total river escapement of 3,346 chinook 
salmon. An aerial census flown under fair survey conditions 
during the period of peak spawning accounted for approximately 
59~ of the expanded population estimate. 

Overall mean timing of the chinook salmon run in the Chena River 
was estimated to be 17 July with 50Y- run passage estimated on 18 
July. A slight difference in timing by'sex was observed. 

The chinook salmon spawning population was composed of 6 age 
groups from 6 brood years. Females were dominated by age groups 
1.4 (36Y-> and 1.5 (21Y->, whereas males were predominantly 
represerlted by age gt~oups 1. 2 (11% >, L 3 <:1. 4Y-), i:md 1.4 (11 %). 
The chinook salmon escapement male-to-female ratio was estimated 
at 1. 00: 1. 56. 

KEY WORDS: chinook salmon, Oncorhynchus tshawytscha, population 
estimate, mark and recapture, escapement, aerial 
census, Yukcln Rivet", Tarlarla River, Cher,a River. 
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INTRODUCTION
 

The Yukon River drainage is too extensive in size for a 
practical, complete escapement enumeration program during any 
given year. Consequently, low-level aerial surveys have been the 
primary methc.d used tel obtai n escapemerlt irlformat iorl c.n salmc,n 
stocks throughout the drainage. It is known however, that aerial 
surveys underestimate total spawner abundance due to the die-off 
of early spawners and arrival of late spawners (Bevan 1961, 
Neilson and Geen 1981, Cousens et ale 1982, Barton 1986). As a 
consequence, the existing data base on chinook salmon reflects 
trends in escapements based upon the relative abundance of 
spawners but does not portray total escapement abundance. A need 
exists to develop expansion factors which can be applied to 
aerial survey results in order to project total spawning 
abundance. 

The Chena River, one of the most important chinook salmon 
producing streams in the Yukon River drainage, was selected for a 
third year of study in 1988 (Figure 1). Results from 1986 and 
1987 investigations can be found in Barton (1987a, 1988). The 
river is located in the Yukon Plains section of the Central 
Alaskan Upland and Plains Province. More specifically, it lies 
in the Tanana Basin, heading south and east of the White 
Mountains in the North Plateau Province, through which it flows 
in a westerly direction for approximately 150 miles draining an 
area of approximately 1,980 square miles (Frey et ale 1970, 
Anderson 1970). 

The Chena River typifies many of the larger chinook salmon 
producing streams in the Alaskan portion of the drainage in terms 
of the relative magnitude of observed spawners (e.g., Andreafsky, 
Anvik, Nulato and Salcha rivers). Since 1979, peak aerial survey 
indices of Chena River chinook salmon escapement have ranged from 
501 to 2,553 fish with a 10-year average of 1,728 fish (Whitmore 
et. ale 1988). 

By obtaining a total estimate of chinook salmon escapement in the 
Chena River, the proportion represented by a peak aerial census 
can be estimated. This will in turn permit expansion of past 
aerial survey escapement records to total abundance estimates. 
Hopefully, results will also be useful in expanding historic 
aerial escapement records for other important chinook salmon 
producirlg streams throughout the drairlage which are similar in 
physical and hydrological nature. 

Funding for the Chena River study was prOVided in part by a 
federal grant in support of U.S./Canadian Yukon River 
negotiations as they pertain to the Pacific Salmon Treaty of 1985 
and in part by the State of Alaska. 
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Figure 1. The Chena River drainage and gill net tagging site for the 1988 mark-recapture project. 



OBJECTIVES
 

Overall obJectives of the 1988 Chena River chinook salmon study 
were to determine timing and magnitude of chinook salmon 
escapement and to estimate the proportion of the spawning 
population observed by a peak aerial census. The following 
specific obJectives were identified: 

1.	 Estimate the size of the ehena River chinook salmon 
spawning population using mark and recapture methods. 

2.	 Estimate the proportion of the total Chena River 
chinook salmon escapement represented by an aerial 
survey point estimate during peak spawning. 

3.	 Determine escapement timing of chirlook salmon spawners 
in the Chena River. 

4.	 Estimate the age, sex, and size composition of chinook 
salmon escapement in the Chena River. 

5.	 Support ongoing chinook salmon stock separation studies 
based upon scale pattern analysis (SPA) and protein-gel 
electrophoretic analysis by collecting scales and 
tissue/organ samples. 

MATERIALS AND METHODS 

Test Fishing and Tagging 

Two mesh size gill nets (5-3/4 and 8-1/8 inch stretch measure) 
were fished daily at rivermile 15 of the ehena River to collect 
chinook salmon for tagging (Figure 1). Three gill nets were 
fished at locations used in both 1986 and 1987: two 60-foot long 
by 15-foot deep chum salmon nets (5-3/4 inch mesh) and oy,e 90
foot long by 20-foot deep chinook salmon net (8-1/8 inch mesh). 
An additional chinook salmon net was fished later in the season. 
Each net was constructed of multifilament nylon with half-inch 
braided filament core float lines and oval grommeted floats. 
Leadlines were approximately 110 pounds per 100 fathoms. 

When deployed, all nets were fished during the same approximate 
a-hour period (0800-1600 hours) each day to examine run timing 
using catch per unit effort (CPUE) data. Catch per unit effort 
was defined as the number of salmon captured per gill net hour 
per net. Additional fishing time was periodically allocated 
throughout the tagging period to maximize the number of chinook 
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salmon tagged. Daily records were maintained documenting the. 
dl..trat i 01'"1 of each gill 1'"let set by mesh si ze and t~esul t i 1'"lg catch by 
species. 

A two-person crew monitored gill 1'"lets cc'rltinually by t~ivet~boat. 

When a fish was captured in a net, as evidenced by bobbing 
cork(s) i1'"1 the floatline, the crew pulled alc,ngside the rlet, 
removed the fish and placed it into a 50 gallon holding tank in 
the ri vet~boat • 

Additional adult chinook salmon were captured for tagging using a 
riverboat equipped with electrofishing gear (Roguski and Winslow 
1969). Fish were stunned with pulsating direct current 
electricity, dipped from the river with long handled nets, and 
placed in an aerated holding box. 

All chinook. and chum salmc.n (Q.. keta Walbaum) captured were sexed 
by external examinat iorl arid measured to the rlearest 5 mi 11 irneters 
from mid-eye to fork of tail. A numbered, orange spaghetti tag 
was secured in place immediately anterior to the dorsal fin on 
each chinclok salmorl captured prior to its release. In addition, 
each chinook salmon was marked with a combination of adipose, 
anal, and pelvic finclips which would identify its capture and 
release date to within 5 days. No churn salmon were tagged but 
the adipose fin was removed to identify recaptures. The marking 
schedule for gill net caught chinook salmon was as follows: 

< 5 July Ad i pc,se plus anal fi ric 1 ip 
5 11 July Ad ipc.se plus left pelvic firrcl ip 

12 18 July Adipose plus t~ight pelvic finclip 
19 25 July Adipose finclip only 

> 25 July Adipose plus right and left pelvic firlcl ip 

In addition to the above marking schedule, all chinook salmon 
captured by electroshocking were marked with orlly a t~ight pelvic 
finclip after tag application. 

Upon completion of sampling 
salmon), fish were released 
the test fishing site. 
constructed and utilized when 
released in a vigorous state. 

a
A 

(and tagging 
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four foot 
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Tag Recc1very 

Spawning ground surveys were conducted dai ly by riverboat to 
examine chinook salmon carcasses for tags subsequent to the test 
fishing portion of the study. The spawning area examir.ed was 
from Moose Creek Dam (MCO) to approximately three miles up the 
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Middle Fork river. All chinook salmon carcasses were collected 
using long handled spears, examined for tags and finclips, sexed 
by external examination, and measured from mid-eye to fork of 
tail to the nearest 5 mm. All tags were removed and the date, 
recovery location, tag number, and finclip combination carefully 
recorded for each fish. 

Additional tag recoveries were made between rivermiles 68 and 72 
using an electroshocking boat with assistance from the Division 
of Sport Fisheries. 

Other biological sampling associated with spawning ground surveys 
included collecting scales (3 per fish) from a random sample of 
500 chinook salmon to estimate age composition of the escapement 
and to provide samples for use in subsequent stock separation 
studies. From the sample of 500 chinook salmon, tissue/organ 
samples (eye, heart, and muscle) were collected on 100 fish with 
assistance of the U.S. Fish and Wildlife Service (USFWS) for 
subsequent use in genetic stock identification studies (GSI). 
These 100 chinook salmon were those collected by electrofishing 
between rivermiles 68 and 72. Results associated with SPA and 
GSI sampling will be reported separately. 

Abundance Estimators 

Several statistical tests were conducted during data analyses to 
determine the most appropriate abundance estimator of Chena River 
chinook salmon spawners in 1988. Those statistical tests as well 
as abundance estimators IJsed are presented in the "Results and 
Discussior." sectior. e,f this report. 

Aerial Sut"veys 

Attempts were made to survey Chena River spawning areas by single 
engine, fixed-wing aircraft throughout the chinook salmon 
spawning season. The number of live and dead salmon by species 
was recorded as well as survey conditions and overall survey 
effectiveness (i.e., a subJective rating of overall survey 
quality as good, fair, or poor) (Barton 1987b). Counts were 
recorded by river index area for each survey flown: 

Downstream of MCD 
•	 MCD to confluence of South Fork 
•	 Confluence of South Fork to confluence of Middle Fork 

Confluence of Middle Fork to confluence of West Fork 
•	 Middle Fork from mouth upstream to cor,fl uer.ce of MI.mson Cr 
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The primary index area for assessing whether or not the chinook 
salmon escapement objective (1,000 - 1,700) is met in the Chena 
River is that portion of the mainstem river between Men and 
confluence of the Middle Fork. The escapement objective is based 
upon aerial survey estimates made during the peak of spawning 
which do no~ represent total escapement, but do reflect annual 
spawner abundance trends when using standard survey methods under 
acceptable survey conditions. 

RESULTS AND DISCUSSION 

Tagging 

Test fishing was initiated at rivermile 16 on a temporary basis 
on 23 June. One chinook salmon net was fished at site 2 for 
approximately 2-5 hours per day prior to 2 July. Purpose of the 
early test netting was to monitor arrival time of the chinook 
salmon run. Although the first chinook salmon captured was on 29 
June, the first report of chinook salmon present in the Chena 
River was on 28 June when a sport fishermen reported observing 
one roll at approximately rivermile 15. Subsequent to 2 July 
attempts were made to consistently fish gill nets each day during 
the "standard" 8-hour period to examine run timing. Periodically 
fishing time was increased to approximately 10 to 16 hours per 
day as catches started to build in mid July. A total of 258 
chinook and 98 chum salmon were captured (Table 1 and Appendix 
A). Other species captured during the tagging portion of the 
studies included 1 sheefish (Stenodus leucich~hys Pallas). 

The small mesh or chum gear was not as effective in capturing 
chinook salmon as in past years due to higher water conditions 
which persisted in 1988. The high water and accompanied 
increased currents and debris did not permit the small mesh gear 
to fish efficiently. This gear accounted for only 15% of the 
chinook salmon captured and 83~ of the chum salmon captured. By 
comparison, small mesh nets accounted for 25% and 58% of the 
total chinook salmon captured in 1987 and 1986, respectively 
(Barton 1988, 1987). Of the chinook salmon captured in small 
mesh nets in 1988, 79~ wet~e males while 74% of the chum salmon 
captured in small mesh gear were males. The larger, chinook gear 
captured 85~ of the chinook salmon, of which 32% were males. 
Only 17 chum salmon (15 males and 2 females) were captured with 
large mesh gear. 

Test net recaptures amounted to only 3 chinook and no chum salmon 
during the tagging portion of the study. Documented mortalities 
were 4 chinook (1.6~) and 1 chum (1.0%) salmon. 
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Table 1. Daily c:atch15 of d1illOOlc aJld cIlII8 salmi in test gill I!!t!l in the OIena RiYl!l", 1981. a 

Appro•• Chinook SlllDll Catch Chilli SaIIDll Catches 
Nit Site Hours I!elNrkl Rl!llilrk!l 

Dah Fished Fished Mall! Fl!llilll! Total CUIIo Mil. FI!IIiIII Total CUll. 

23-Jan b 2 4.50 0 0 0 0 0 0 0 0 
24-Jun b 2 1.50 0 0 0 0 0 0 0 0 
25-Jun 0.00 0 0 0 0 0 
26-Jun 0.00 0 0 0 0 0 
27-Jun b 2 2.00 0 0 0 0 0 0 0 0 
28-JIII b 2 4.50 0 0 0 0 0 0 0 0 
29-Jun b 2 2.50 0 1 1 1 0 0 0 0 
»-Jun ~ 2,3 4.15 0 0 0 1 0 0 0 0 
01-Jul b 2 4.57 0 0 0 1 0 0 0 0 
02-Jul 2,3 8.00 1 1 2 3 0 0 0 0 
03-Jul 0.00 3 0 0 0 0 
04-Jul 0.00 3 0 0 0 0 
05-Jul 1,2,3 6.50 2 1 3 6 1 1 2 2 
06-Jul 1,2,3 8.00 3 1 4 10 1 rec:ap 0 1 1 3 
07-Jul 1,2.3 8.00 8 5 13 23 1 recap 1 0 1 4 
OS-Jul 1,2,3 9.50 1 2 3 (2) 26 4 0 4 (4) 8 
09-Jul 1,2.3 11.00 6 3 9 (8) 3S 1 sheefish 4 0 4 (2) 12 
lo-Jul 1,2,3 8.00 3 1 4 39 0 0 0 12 
ll-Jul 1,2.3 8.00 4 3 7 46 1 rec:ap 1 0 1 13 
12-Jul 1,2,3 8.00 4 2 6 52 0 0 0 13 
13-Jul 1,2,3,4 14.00 10 8 18 (2) 70 1 IIOrt 1 0 1 14 
14-Ja] 1,2,3,4 8.00 5 11 16 86 1 1 2 16 1 IIOrt 
15-Jul 1,2,3,4 8.00 5 16 21 107 0 1 1 17 
16-Jal 1,2,3,4 8.00 7 5 12 119 2 0 2 19 
17-Jui 1,2,3,4 8.00 4 7 11 130 2 ...ts 0 4 4 23 
18-JI1 1,2,3,4 16.00 8 17 2S U51 155 8 1 9 171 32 
19-Jul 1,2,3,4 6.50 5 9 14 169 5 1 6 38 
2O-JI1 1,2,3,4 8.00 4 10 14 183 1 0 1 39 
21-Jul 1,2,3,4 8.00 8 15 23 206 10 6 16 55 
22-Jul 1,2,3,4 9.00 4 15 19 (19) 22S 11 1 12 67 
23-Ju( 1,2,3,4 8.00 2 9 11 236 7 3 10 n 
24-Jal 1,2,3,4 8.00 2 9 11 247 0 0 0 n 
2S-Ju( 1,2,3,4 8.00 3 3 6 2S3 1 IIOrt 6 1 7 84 
26-J81 1,2,3,4 8.00 0 2 2 25S 11 2 13 97 
27-Jul 1,2,3,4 8.00 1 2 3 258 1 0 1 98 

Tot all 232.82 100 158 258 4 IIOI"ts 75 23 98 1 IIOr't 

a IIwIbIr of d1illOOk sallOn saa:esfully tagged and rtlHsed 12541 equals cUllulative catch .illll5 4 ...taHtie. 
NuIIb!rs in partnth!S15 indicate tilillOllk sal.., caphrtd during the 8-f1our period of approxilltlly OBOO-1600 hrs. 

b Days on Nhich high lliIter affected 1lUIlIIIer, location and duration of ftltl fishld. 
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All 258 chinook salmon captured were measured and· sexed. The 
male to female ratio was 1.00:1.58 (39Y. males; 51~ females). A 
total of 254 chinook salmon were successfully tagged, fin
clipped and released throughc.ut the period 23 June thl'~ough 27 
July with the first release made on 29 June. The number of chum 
salmon which were sexed, measured, finclipped and released 
totaled 97 (77~ males; 23Y. females). 

On July 25 electroshocking was used to capture and deploy an 
additional 128 tagged chinook salmon. This technique was used 
due to concern over the low number of tags which had been 
deployed by this date using gill nets. Shocking and tagging 
occurred between rivermile (RM) 89 and the confluence of the 
South Fork river (RM 76). Sex ratio was 51~ males and 39~ 

females. 

Tag Recovel'"'y 

Portions of the Chena River salmon spawning grounds were examined 
daily from 29 July through 12 August. Two complete surveys were 
conducted of the spawning grounds between MCD (RM 45) and 
approximately 3 rivermiles up the Middle Fork river (RM 100). A 
total of 919 chinook salmon carcasses was examined for tags and 
finclips. Length and sex were recorded for 890 of these fish, 
while 29 were neither sexed nor measured due to their state of 
decomposition. The male to female ratio from 890 carcasses was 
1.00:1.58 (39% male and 51~ female). An additional 99 chinook 
salmon were collected between RM 58 and RM 72 on 29 July by 
electroshocking. Length and sex were recorded for all of these 
fish. The male to female ratio was 1. 00:0.94 (52" male and 48~ 

female) • 

A random sample of 500 fish (collected from both carcass surveys 
and electroshocking) were scale sampled for subsequent aging. 
Scale age determination from 458 readable scales indicated that 
chinoc.k salmorl were l'"'epresented by 5 age gl'~OUPS fj-"'c,m Eo brood 
years (Table 2). The male to female ratio for the ageable 
samples (n = 468) was 1.00:1.55 (39% males; 61Y. females), 
basically the same as that for gill r,et l'~eleases. 

A total of 82 marked chinook salmon (22 males and 60 females) was 
recovered; 56 with a tag and 15 which had lost tags but were 
identified by finclips. Tag loss was approximately 20" (7 males 
and 9 females). 
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Table 2- Age and sex C(lIIposition of chinook sallOn supled in the Dlena River in 1988. 

Brood Year and Age Group a
 

1985 1984 1983 1982 1981 1990
 
Saiple -- -- --
Size 1.1 1.2 1.3 1.4 1.5 2.5 Total 

285 Fellaies 0.0 0.0 3.6 35.5 21.4 0.4 60.9 

183 Males 0.6 10.5 13.9 10.9 3.2 0.0 39.1 

468 eo.bined 0.6 10.5 17.5 46.4 26.4 0.4 100.0 

SE 1.7 6.6 8.2 10.8 9.3 1.4 

a Age is designated is European: nUlber of freshMiter amuli followed by nUllber of yltMilter annuli. 
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Aerial Surveys 

Four aerial surveys were attempted of the Chena River in 1988 to 
enumerate salmon escapement. Surveys were flown on 16, 19, 20, 
and 27 July. The 16 July survey was soon aborted due to heavy 
cloud cover and turbulence as well as high and muddy water 
conditions. No reliable counts were possible. The 19 July 
survey was incomplete as only the Chena River upstream of the 
South Fork river confluence was surveyed. A total of 455 live 
chinook salmon were counted of which 50 were observed in the 
mainstem Chena River upstream of the confluence of the Middle 
Fork river. 

The survey on 20 July was given an overall ratiy,g of "fair". 
This less than "good'" survey ratil'",g resulted primarily from 
scattered cloud cover and slight turbidity of river water. A 
total of 1,966 chinook salmon (1,953 live and 12 dead) and 164 
chum salmon were observed. Chinook salmon distribution was as 
follows: 

MCD to South Fork - 990 (50%)
 
Confluence South Fork to confluence Middle Fork - 653 (33%)
 
In Middle Fork upstream to Munson Creek - 323. (16~)
 

A second surveyor flew the Chena River on 27 July and counted 
1,879 chinook salmon (1,780 live and 99 dead) and 432 live chum 
salmon. The survey was rated II good II for ch inook and "poor" fot" 
chum salmon. Chinook salmon distribution was as follows: 

MCD to GHR - 162 (9~) 

GHR to confluence South Fork - 893 (47~) 

Confluence South Fork to confluence Middle Fork - 705 (38~) 

In Middle Fork upstream to Munson Creek - 119 (61-) 
(includes 15 between Middle Fork confluence and 4th bridge) 

Weather aYld water conditions were not conducive for conducting 
more aerial surveys in 1988 during the chinook salmon spawning 
sease,y,. 

Analysis of Gill Net Tagging Data 

Two instances occurred when the sex of a tagged fish recovered 
during carcass surveys was different from that recorded at the 
time of release. The sex for these two fish was changed to that 
identified during carcass surveys since it is probable that sex 
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can be more accurately determined from carcasses (i.e., gonads 
can be inspected). 

Since length was recorded for tagged fish recovered during 
carcass surveys as well as at time of release, a comparison was 
made between the two measurements. For the release-recovery 
length analysis, all chinook salmon recovered with a tag during 
carcass surveys were used as well as fish originally captured in 
gill nets and fish originally captured by electroshocking 
(Appendix B). First, the method of capture (gill net versus 
electroshocking) was examined to see if either affected the 
relat iOYlship between release aYld recovery leYlgths. Each sex was 
analyzed separately. 

The relationship between length at release and length at recovery 
was tested by comparing regression lines when coding method of 
capture as a dummy variable as described OYI pages 190-193 of 
Kleinbaum and Kupper (1978). The resulting analysis of variance 
(ANOVA) table from the reg.....ession was theYI used to test the 
hypothesis of coincident regression lines (i.e., do the lines 
have the same slope and intercept) for the two methods of 
capture. The hypothesis of coincident lines was not rejected (P 
> 0.50) for either sex, therefore, data from capture methods were 
pooled (Table 3). The same procedure was used to test if the 
relationship between the length at release and length at recovery 
was the same for females and males by coding sex as the dummy 
variable. The hypothesis of coincident lines for the two sexes 
was not rejected (P > 0.49), therefore, data for each sex were 
pooled to estimate the regression line (Table 3). A regression 
using the pooled data for both capture methods and combined sexes 
was then computed (Figure 2). The regression was significant 
(Table 3) and the slope of the line was significantly different 
(P < 0.02) from 1 (a slope of 1 would indicate the relationship 
between the two length measurements was 1 to 1). The residuals 
from the regression were examined graphically; no trends were 
evident. 

The resulting regression was used to estimate the length at 
......elease f","ofJ1 the length at recc,very fo ..... '.mtagged chiY,oc,k sal mol'". 
examined during recovery surveys (carcass plus electroshocking). 
The mean difference between the length at t~ecovery and the 
estimated length at release for the 907 untagged fish measured 
during recovery surveys was 24.5 rom (standard error = 0.37). The 
difference in length measurements was attributed to erosion of 
the caudal fin during redd construction and defense. 

Two tests were conducted to determine if release and recovery 
samples were random with respect to length of the fish as 
recommended by Seber (1982). The Kolmogorov-Smirnov (K-S) test 
(Conover 1980) was used to compare the cumulative distributions 
of the lengths of chinook salmon which were tagged and recovered 
and of untagged fish examined during carcass surveys to test the 
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Table 3.	 Results of the regressions of length at recovery on length at 
release for tagged chinook salmon from the Chena River in 1988. 
Regressions for the method of first capture (gillnet or electro
shock) are compared by sex and the regression lines for each sex 
using the combined (gillnet and electroshock) data are compared. 

Sourcel df Sum of Mean F Proba-
Squares Square statistic bility 

FEMALES2 

Regression (Xl) 1 85,331 85,331 196.6 0.000 
Residual 46 19,966 434 

Regression (Xl,Zl) 2 85,703 42,852 98.4 0.000 
Residual 45 19,595 435 

Regression (Xl ,Zl'X1Z1) 3 85,797 28,599 64.5 0.000 
Residual 44 19,501 443 

MALES 2 

Regression (Xl) 1 156,373 156,373 306.9 0.000 
Residual 12 6,115 510 

Regression (Xl ,Zl) 2 156,803 78,402 151. 7 0.000 
Residual 11 5,684 517 

Regression (X1 ,Zl'Xl Zl ) 3 157,556 52,519 106.5 0.000 
Residual 10 4,932 493 

!1ETHODS COMBINED2 

Regression (Xl) 1 287,678 287,678 630.4 0.000 
Residual 60 27,381 456 

Regression (Xl ,Z2) 2 288,020 144,010 314.2 0.000 
Residual 59 27,038 458 

Regression (Xl ,Z2'Xl Z2) 3 288,977 96,326 214.2 0.000 
Residual 58 26,081 450 

- Measured length at recovery. 
- Capture	 method (gillnet or electroshock). 
- Sex (male or female). 

2 The test statistic to determine if regression lines are coincident is: 
F _ [SS(X.Z.XZl - 55 (XlJ/2 

MS residual (X,Z,XZ). 
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randomness o'f the releases (B versus C in Figure 3). The 
ret~aptul'~es were tested by partitic.ning the l'~eleases into thc.se 
wh:Lch were recovered and those which were not and cClmparing the 
cum.llative distribut ions CI'f their lerlgths (B versus A in FigUl'~e 

3), Ten chinook salmon were recovered during carcass surveys 
wii;hout a tag but a firlcl ip irldicat ing that they had beerl tagged 
dUl'ing the gill net operation. These fish were extracted 'fl'~om 

tht~ tag releases by converting their recovery lerlgth to a release 
lel,gth and selecting a fish of the same sex and similar size from 
those released dLlring the temporal stratum ir.dicated by their 
fi ncl i p combi nat ioy... 

T~~s for comparing the cumulative distributions o'f the lengths 
f~· the above comparisons were both significant (P (0.01). This 
is evident from a visual comparison of the distributions (Figure 
3) where there is a complete absence o'f fish less than 821 mOl in 
length 'for the tagged fish wh ich were recovered everl though fish 
l~is than 821 mOl in length were present in both the release and 
re(~overy samples. Obviously chirlook salmon greater than 820 mm 
in length had a higher probability of recovery. 

A t'andom sample o'f the population either at the time of release 
or at the time o'f recapture is required 'for a Petersen-type 
populatiorl estimate. The previous analyses irldicate that this 
requirement was riot met. Petersen estimates 'for each sex were 
considered as it is clear that rlearly all the fish less than 821 
mm in length are males. The sex composition or the tagged 'fish 
wh:.ch were recovered (80"" female and 20"" male) was significantly 
di':fererlt (X 2 = 7.8, 1 df, P ( 0.01> from the tagged fish which 
wet·e not recovered (57" female and 43" male) and signiricarltly 
di1:fererlt (X 2 =8. 1, 1 df, P ( 0.01) frclm the urltagged fish 
examined during carcass surveys (59" remale and 41" male). This 
waH not Judged to be satisfactory, however, since there were only 
10 valid tag recoveries for males and an estimate based upon only 
10 recoveries would have an unacceptably large variance. Another 
pOHsibility was to limit the length of the fish irl the release 
a rIC I recclvet~y grclups tCI thc.se obset~ved in the tag t~ecoveries. 

Th:.s was the apPt~oach used. 

To determine the minimum length to include in the estimate, 
s~luential K-S tests were pre'formed comparing the cumulative 
diutributioY"ls of the two gt~OUps descl'~ibed pt·evic.l.lsly (B vet~SI.IS C 
anti B versus A). Tests were first pel'·fclrmed for fish with a 
reLease lerlgth greater than 840 mOl; both tests were riot 
si!lnificant (P ) 0.49). This was corltinued with the leY"lgth or 
ac(~eptance decreased by 10 mOl each iteratiorl. The critical 
length above which the cumulative distributions were 
siunificamtly different (P) 0.10) was 760 mOl fot· the comparisc.Y'1 
of B and A and 780 mOl for thecomparisoY'l o'f Band C. Therefore, 
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subsequent analyses were limited to chinook salmon greater than 
780 mm in length (at time of release).2 

COYlstant pl''''obabilities of capture at times of taggirlg arid 
rec~apture are important assumptions necessary for Petersen-type 
abundance estimates (Seber 1982). When tagging arid recovery 
occur over an extended period of time these assumptions are often 
violated. The tagging data (Appendix C and D) were tested to 
de1;ermi ne if they were consistent wi th these assumpt ior,s. Two 
chi,-square tests described by Seber <1982, pages 438-439) were 
uSE~d to test these hypotheses. 

ThE! first test examined whether tagged chinook salmon greater 
th.ln 780 Mm in lerlgth had the sarae prc.bability of recapture over 
thE! duration of tagging. Because of the few tag releases in 
stl"ata 1 and 5 (Table 4a), strata 1 aYld 2 arid 4 and 5 were 
cornbiYled (Table 4b). The prclbability of recapture increased for 
ta!~ged fish> 780 mM in length throughout the period of release 
(T'lble 4b). The tag recovery rates for fish released in strata 1 
and 2 were not significarltly different (X2 = 0.8, 1 df, P > 
o. :~5). Therefore, strata 1 and 2 were combi ned. The recovery 
rate of the combined strata was significantly different from 
stl"atuM 3 (X 2 = 4. 1, 1 df, P < 0.05). 

EVI~n though tag recovery occurt"'ed d ur i ng a 15-day period, the 
recovery data from carcass surveys were nc,t strat i fied by time 
bu·t; were stratified by river section. The Chena River was 
stl"atified into tht"'ee sections: (1) MCn to Grange Hall Road 
(GHR); (2) GHR to South Fork; and (3) South Fork to 3 miles up 
thle East Fork. The tag recovery rate for chinook salmon greater 
th~n 780 ram (Appendix D) was not significantly different (X 2 = 
0.3, 2 df, P > 0.85) between the three river sections. Within 
eal::h t"'iver section, daily tag recovery rates were not 
sigYlificarltly different either (P >0.90 for sectiorl 1, P > 0.45 
fo'''' sect ion 2, P > 0.25 for sect ion 3), wh ich supports the 
as';;I.\mpt iOYI that temporal strat i ficat iOYI is unnecessary. 

Probabilities of recapture were not constant over the period of 
release, therefore, a Petersen-type population estimate is not 
apiorc.priate. A stratified populatiorl estimatc.r descl''''ibed by 
Darroch (1961) which is not predicated on constant probabilities 
of capture was examined. Other stratified estimators are not 
appropriate as they require that the number of fish belonging to 
ea~h release stratum be identified during recovery. Clearly, 
this is not possible for this experiment as the date a fish 
(other than a tagged fish) entered the river could not be 

2Actually a separate analysis using only females was 
conducted but the results were no different than for fish > 780 
mm in length described in the following paragraphs, i.e., no 
estiMate was possible. 
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Table 4a.	 Summary of tag release and recovery data for chinook salmon 
greater than 780 rom in length (at time of release) by the 
five temporal strata defined for the Chena River in 1988. 

Stratuml Total Tags Number of Tags Percent 
Released Recovered Recovered 

1 2 0 0.0% 
2 33 4 12.1% 
3 89 18 20.2% 
4 87 28 32.2% 
5 5 0 0.0% 

1	 Strata definitions: 
1 Released from 29 June through 4 July, 
2 - Released from 5 July through 11 July, 
3 Released from 12 July through 18 July, 
4 Released from 19 July through 25 July, 
5 - Released from 26 July through 27 July. 

Table 4b.	 Summary of tag release and recovery data for chinook salmon 
greater than 780 rom in length (at time of release) by the 
three temporal strata defined for the Chena River in 1988. 

Stratuml Total Tags Number of Tags Percent 
Released Recovered Recovered 

1 35 4 11.4% 
2 89 18 20.2% 

Subtotal 124	 22 17.7% 

3 92	 28 30.4% 

1	 Strata definitions: 
1 - Released from 29 June through 11 July, 
2 - Released from 12 July through 18 July, 
3 - Released from 19 July through 27 July. 
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i demt if ied durirlg cat~cass surveys. When there are equal numbers 
of release and recovery strata, the stratified estimator is 
(Se,ber 1982): 

[1] 
1\

where: H	 a vector with the estimates of the number of untagged chinook 
salmon in each tagging stratum just after the release of the 
tagged fish, 

Du  a diagonal matrix of the number of untagged fish observed in 
each recovery stratum j, 

M	 a matrix of mi·' the number of tagged fish in each recovery 
stratum, j, whfch were released in tagging stratum i, and 

a vector of the number of tagged fish released in tagging 
stratum i. 

If there are more release strata than recovery strata, the 
str'atified estimatc.r is (Seber 1982): 

[2 ] 
1\ 

where	 W, Du ' and M are defined previously, and 

D - a diagonal matrix of the number of tagged fish releaseda 
in tagging stratum i, 

X	 a constraint matrix described in detail in Seber (1982), and 

y	 a vector of zeroes with a last element of 1. 

The, rlumber of chirloc.k sa I mOY"1 irl each stl""atum at the time of 
tam~ing is the sum of the estimated Y"Jumber of untagged fish 
prE!sent and the number of tagged fish released duriY"lg the 
stt'atum. Variance formulae for bc.th est imators are given in 
Seber (1982) and will not be reported here. 

Ma~lor assumptions necessary for these estimates are (Seber 1982): 

1.	 All chinook salMon in the J th recovery stratum, whether 
tagged or untagged, have the same probability of being 
recovered during carcass surveys. 
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2.	 Tagged fish behave independently of one another with 
regard to movirlg amor,g strata aYld eveYltually being 
recovered. 

3.	 All tagged fish are recognized as such during recovery. 

4.	 There is no tagging induced mortality. 

The'se estimators are serlsitive to the corlfiguration of the iYlput 
data and, in some instances, they can result in negative 
populatiorl estimates for a particular stratum. This is an 
incdcation that the data are not meeting some of the assumptions 
nec~essat...y fCI}'''' the models (Seber 1982). Often this prc1blem can be 
re5iolved by pooH ng appropriate data. 

Urlforturlately, the gi llrlet data did nc.t cOYlfc,rm to either of 
the~se estimators. Approximately 15 different models were 
eXclmiYled by pooling the data in different ways or by usiYlg 
different subsets of the data (omitting release-and-recovery data 
frClm days on either er,d of the run) but at least one stratuM in 
eac:h model had a negative estimate. Therefore, it was concluded 
not pc.ssible to est imate populat ion si ze wi th the gi 11 net data. 

Analysis of Electroshock Tagging Data 

On 25 July, an additional 128 chinook salmon were captured and 
tanged primarily in river sectioYI 3 of the Chena River using aYI 
elE!ctroshockiYlg boat. One of the fish captured had been 
pruviously tagged dl.tring the gill net operation. This fish was 
re1:agged with a new spaghetti tag (#8602) and later recovered 
dW'ing carcass surveys. Since the fish had been first captured 
by gill net it was treated as a gill net tagged fish and included 
in the previous analysis. 

ThE?re were six chinook salmon recovered during carcass surveys 
wii;h n,:, tag but with a firlclip indicating they had been tagged 
dUl'i ng el ectrl:-shocki ng. The procedl.lre used tCI extract fi sh 
}''''ecovered during cat"'cass surveys without a tag but with a finclip 
from the tag }'"'e leases by gill nets was used to extract these si x 
fi!ih from the tag releases by elech"'oshc.cking. The length at 
re(~overy used was the estimated lerlgth at release; same as was 
dOl'le in the previous gill net analysis. 

Elnctroshocking data were first analyzed separately for a 
p~)ulation estimate. K-S tests were conducted to determine if 
re:tease and recovery samples were t"'andom with respect to length 
of the fish. There was a significant difference (P < 0.01) 
be1;ween the length distribut ions of releases wh ich were recovered 
and those which were not (8 versus A in Figure 4). There was not 
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a significant difference (P ) 0.23) between the length 
distributions of the tag recoveries and the untagged fish 
examined during carcass surveys (8 versus C in Figure 4). 

Sequential K-S tests were performed as was done for the. gill net 
data to compare the cumulative distributions of groups A and 8 to 
determine the minimum length to include in the estimate. The 
critical length above which the cumulative distributions were not 
significantly different (P) 0.19) was 780 mm. The cumulative 
distributions of fish iess than or equal to this length were not 
significantly different (P ) 0.48) either. Therefore, SUbsequent 
analyses were conducted for two groups of chinook salmon, those 
less than or equal to 780 mm in length at time of release (small 
fish) and those greater than 780 mm in length at time of release 
(large fish). 

Temporal changes in probability of capture are not a problem with 
the fish captured by electroshocking as they were all released on 
one day. Differences in recovery rates between river sections 
were examined, however, as was done for gill net data. Chinook 
salmon tagged during electroshocking were only recaptured in 
river sections 2 and 3 (Appendix D). Therefore, the data can 
only be used to estimate the number of fish in those two 
sections; no estimate for section 1 of the river can be made from 
electroshocking data. 

The tag recovery rate of large chinook salmon (Appendix D) was 
significantly different (X 2 = 4.1, 1 df, P ( 0.03) between river 
sections 2 and 3. The recovery rate of small chinook salmon 
(Appendix D) was not significantly different (X 2 = 3.5, 1 df, P ) 
0.10) between river sections 2 and 3, therefore, the recovery 
data for these two sections can be pooled. If carcass survey 
data for 29 July are omitted and the fish that was captured and 
tagged by both gill net and electroshocking (#8602) is added to 
the recovery data, the recovery rates between sections 2 and 3 
are no longer significant (X2 = 2.3, 1 df, p> 0.12). The 
Justification for omitting the data from 29 July is that the fish 
tagged during electroshocking on 25 July had not yet had 
sufficient time to randomly distribute throughout section 2 by 29 
July. The recovery data for large chinook salmon for sections 2 
and 3 can now be pooled. 

The population in river sections 2 and 3 at the time of tagging 
(25 July) can now be estimated using a Petersen estimate. Using 
Chapman's modification to the standard Petersen estimate: 

A .
 
N - [(M+l)(C+l)/(R+l)] - 1 [3 ]
 

The values are: for large fish () 780 mm in length at release), 
M=80, C=544, and R=27; for small fish ({= 780 mm in length at 
release), M=4B, C=179, and R=5. Because there were fewer than 50 
tag recoveries for each group and less than 10~ of the estimated 
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populatiorl was tagged, 951- corlfider,ce intet~vals were estimated 
using the Poisson approximation and Table Al in Seber (1982). 

This results in estimates of the numbers of large and small 
chinook salmon present in sections 2 and 3 of the Chena River on 
i=:5 July of: 

1) large fish estimate = 1,576; 95~ CI = 1,048 - 2,346 

2) small fish estimate = 1,469; 95~ CI = 553 - 4,408 

3) tc.tal popu lat ic.n (sect ior,s 2 arid 3) = 3,045; 95~ CI = 
1,944 - 4,145 

Arlal ys is of 8i 11 Net and Elect rClshock Dat a Combi ned 

ThH release and recovery data ft~om the chinoc.k salmon captul'~ed by 
el E?ctroshclck i rig wel'~e ar,al yzed tc. determi ne if these data could be 
combiY"led with the gill Y"let tag release and recovery data. The K
S i;est was used to compare the cumulative ley",gth distt"ibutioY".s of 
thE? fish which were tagged but never recc.vered for each rl1ethod of 
captllt~e (gill rlet arid electt"c1shc.ckirlg). This was done for tagged 
fil;h which were recc1vered, aisci. The test fot" the tagged fish 
t"e:leased but ....,ever .....ecc.vet~ed was highly significar,t (P < 0.01> 
wh:L Ie the test for the tagged fish which were recovet"ed was of 
b':;)l"det"line sig....lificarlce (P ::: 0.11>. When the data irl the 
ccllRpariscl ....,S was t"estricted tc. fish greater than 780 mm in lerlgth 
neither test was sigrdficant (P > 0.15 and P > 0.83, 
t~eH;pect i vely) • 

Males contributed a higher proportion to both electroshocked 
g~~ups than to the gill net groups (Figure 5). The sex 
c'='ll1positic.n of tagged fish which were ...~eleased by the gill nets 
but neve..." t~ecovet"ed (43~ male a ....,d 57~1,. female) was significantly 
d i Ffet~erlt (X 2 = 14. 1, 1 df, P < O. 01> f ...~c.m that fc'r tagged fish 
released by electroshocking but never recovered (671- male and 331
female). The sex cC'fI1pc1 sitic.n e,f tagged fish released by the gill 
Y"le't; s a rid t~ec.:;)vet"ed d J.lr i ....,g carcass sut~veys (20~ ma 1e and BOY. 
female) was sigrlificantly diffet"er,t 0 2 = 3.5, 1 df, P < 0.07) 
ft~:IfJ1 the tagged fish released by electr':;)shockiYlg and recovered 
du'~ing carcass surveys (421- male and 58~ female), also. There 
we're five chinook salm.:=tn tagged duriy,g electroshocking arid 
re:overed that were less than 781 mm in length (compared to none 
for the gill net group); all five fish were males. 

Of the chinc.c.k salmon greater than 780 mm in length captured and 
released (79 fish) by electroshocking, 32.9~ (26 fish) were 
recaptured during carcass surveys. This was not significantly 
diffet"ent frc,m the percentage recaptured of the releases in 
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stl~atum 2 (X 2 = 0.7, 1 df, P > 0.40) or stl'~aturn 3 (X 2 = 1.3, 1 
df!1 P ) 0.24) for chinc.ok salmcln greater tharl780 mm irl lerlgth 
captured by gill rlets. The tag recovery rate fClr lal'~ge chinook 
salmoY"1 tagged duriY"lg gillY"lettiYlg was sigrlificarltly different (P ( 
0.(1) from the recovery rate for large fish tagged during 
elt~ctl'~oshocking for secticl\"ls 1 and 2 clf the Cherla River (Apperldix 
0) " 

Approximately 10 different mCldels were examir.ed by pooling the 
ell~ctr.:)shocking data with the gill rlet data in different ways clr 
by using different subsets of both data sets, but at least one 
stl'~atum in each model had a Y"legative estimate. PCII:.ling the data 
dCII~S YIClt allc.w the gill rlet data tCI be used irl the analysis. 

Rurl Timing 

Tilnirlg clf the Chena River chirrook sa I mC'YI migration was examined 
usi Ylg art appl'~oach by Mlmdy (1982, 1984). He developed a time 
del"rsity mCldel to describe salmc'rl migratior. run timirlg. The 
p~;tern of the migration is described by the mean date of passage 
(a measure of the central tendency) and the standard deviation (a 
m~~sure of dispersion). These statistics are calculated from the 
PI'~I)porti orl of the total escapement c,ccurri ng each day. Further, 
thl~ median date is the day clr. which 50~ l'~r_ln-passage occurs. 

Only CPUE data from large mesh gear fished at site 2 during the 
st,:\Y"Idard B-hclur daily period was used to estimate run timing. 
Th,~t rlet was the most cCll'"lsisterltly fished, even durirlg periclds of 
hi~h water. As a result the mean day of run passage for chinook 
salmon (sexes combined) in the Chena River in 1988 was estimated 
to be 17 July with a standard deviation (SO) of 5.7 days (Figure 
6)" The rnedicm day of the rlm fell orl 18 July. A slight 
difference in timing by sex was observed: the mean day for males 
wa!s 15 July (SO = 5.9), 3 days eal'~liel'~ than fc.r females (18 July, 
SD == 6. 1) • 

Total Spawning Abundance 

Ael"ial survey l'~esults l'~evealed the upper erld of the Chena Rivel'~ 

chinook salmon escapement obJective (1,700 fish) was achieved in 
19138 by the presence c.n 20 July of 1,643 fish between MCO (RM 45) 
arid the Middle FClrk river (RM 97). The later aerial survey of 27 
July substantiated this when 1,760 chinook salmon were observed 
in this same section. 

Th(~ 1988 mark-and-recapture populat iorl est imate fol'~ Chena River 
chinook salmon escapement applies only to river sections 2 and 3, 
i. I~., that area of the l'~iver from GHR (RM 60) tCI 3 mi les up the 
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Figure 6.	 Chinook salmon run timing in the Chena River 
based upon CPUE of large mesh gill nets at 
rivermile 16 in 1988. 
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Middle Fork (RM 100). A method of estimating the population in 
sectiorl 1 (RM 45 t'::J RM 60) is required for a total river 
estimate. Data from the 20 July aerial survey cannot be used to 
estimate the proportion of fish in section 1 as fish counts were 
not broken down in relation to the GHR landmark on that survey. 
Ho~'ever, c.bservat ions made orl the 27 July survey can be used to 
evaluate fish distribution in section 1. Data collected on that 
sl\t"vey indicated that a cc,r,servat ive est imate of approx irnately 9~ 

of the chinook salmon observed between MCD and the Middle Fork 
river were distributed in section 1 (MCD to GHR). 

The population estimate for sections 2 and 3 (i.e., GHR to 3 
mi]es up the Middle Fork; RM 60 to RM 100) was 3,045 chinook 
sa]mor,. Based upon aerial survey observations of 27 July, the 
expaYlded total estimate fOt~ sectic.ns 1, 2 and 3 is 3,346 chiYlook 
salmon. This is considered a minimal estimate. 

Th~ peak survey estimate (20 July) of 1,966 chinook salmon 
represerlts n'::J mc.re tharl 59~ of the total populat ion est imate of 
3,346 chinook salmon, while survey results on 27 July (1,879 
fiuh) represent not more than 56~ of the total population 
estimate. Although the 20 July survey was given an overall 
rating .:,f c.r,ly /Ifait~", survey corlditions were much better than 
erl(::c'tlYltet~ed during peak surveys in 1986 or 1987. The "fair" 
rating in 1988 was pt~imat~ily due to scattet~ed clouds and slight 
water turbidity in the lower river, whereas the "fair" ratings in 
19B6 and 1987 were primat~ily due to 40-60" of the mai'flriver 
channel downstream of the South Fork river being obscured to the 
ob!:;ervet~s by da'r~~. stai 'fled water (Barto'fl 1988). Peak aerial 
es;; imates in 1986 arid 1987 accc'tmted for approx imately 21 Yo and 
22~', 'r~espect i vely, of the mark-ar.d-recapt ure est imates of total 
abundarlce i Y". thc,se years. 

CONCLUSIONS AND RECOMMENDATIONS 

A ~opulation estimate of 3,346 fish, while considered minimal, is 
taken to reflect the general order of magnitude of the 1988 Chena 
Ri'~er chinook salmon spawning escapement. Although the 
pr~portion of total chinook salmon spawning abundance represented 
by a peak aerial census varies not only from survey conditions 
but also by river (Table 5), it is likely that no more than 
approximately 55-60~ of the actual population would be observed 
in the Chena River on peak surveys given "good" survey 
conditions. Studies of the Chena River in 1986 and 1987 suggest 
that peak surveys flowr. unde'r~ "fair" conditiorls of this river 
represent a substantially smaller percentage of total abundance; 
on the order of magnitude of 21~ to 22~. 
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Table s.	 C~pirsion of chirook salmon total estilllltl!d spiWlling populations fill" selected streallS and the proportion
 
represented by an aerial census flOlIn during peak of spawning.
 

Total Aerial Census Percent of
 
Abundance Total Est iutl!
 

Estillite and Peak Rating by Aerial
 
Year I.ocation llethod a Count (if kl'lllMl) Census Source
 ---_. 
1986 l:hena River (AO 9,065 (II,,) 2,031 fair 22.4~ Barton 1987b
 
1987 l:hena Rivel' lAO 6,404 (./r) 1,312 fair 20.5~ Barton 1988
 
1988 l:hena River (AU Surveyor 11 3,346 (Ill') 1,966 fair b 58.~ This Study
 

l:hena River (AO SlIneya"' 12 ;3,346 (./r) 1,879 good c 56.~ This Study 

1987 Halcha River lAO 4,nl (Ill') 1,898 fair 39.~ Skaugshd 1988
 
1988 !laId'll River (A<) 4,562 (./r) 2,761 good 60.~ . Skaugshd 1989
 

1987 East Fork Andreafsky River (AU 2,011 (t..) 1,608 good 8O.~ lISlCanada JTC 1987
 
1988 East Fork Andreafsky River (A() 1,339 (t...) 1,~ good 76.~ lISlCanada JTC 1968
 

1986 Ilig SallllOrl RiVer (Y. T. CAN) 1,816 heir) 701 fair J8.6lt Barton 1987b 
1987 ltig SalQl River (Y. T. CAN) 998 h.eir) 741 good 74.~ Barton 1987a 

19!i (:Ie.. Creek (A<) 1t44 heir) n fair d 17.~ Barton 1987c 
1986 tIer Creek UIIO 108 (leir) 47 poor 43.~ Barton 1987c 

1979 'bri t'I! River (8. Co CM) 2,826 (g/s) 1, 1t70	 52.0lt Neilson and Seen 1981 

a	 Metho(l; art lark and recapture (1/r); tOWlr counts (tllr); weir counts (weir); and, population estillited tro. replicate 
groom surveys and sh"eall Iife (g/s). 

b	 SUrYI!)' flOlft'l by surveya"' .1 on 20 July. The ·fair" survey rating Na5 prilarily due to scattered douds and slight 
water turbidity in portia! of the survey area, IIIl!1"e1s tilt ·fair" ratings in 1986 and 1987 IIB'e pri...ily due to ~ 

of portions of the lIilinstel river index areas I»ing obscured to observers by dark stained Mater. 
c SurV!)' fiOtIl'l by surveyor t2 on 27 July.
 
d Surv!) corlllitions Mere rated ·fair" but tilling of survey was late with regards to peak of spawning.
 

27
 



Whjle more studies of this type could be conducted on the Chena 
River to refine expansion factors for aerial survey point 
estimates, it is recommended that studies on this stream be 
di!:icontinued in 1989. This is il'l view of the fa.ct that a simi lar 
study will agairl be conducted for a thit"d season in 1989 on the 
Salcha River. However, if the CheYla River is selected for a 
f,:)urth year of study, it is recommended that populatic'YI estimates 
fol" chinook salmon be based al""ound electl""oshc.cking as temporal 
chclYlges il'l pr.=.babilityof capture are miydrnized when using this 
techYlique. J 
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Appendix B. Tagged chinook salmon recovered during the carcass 
survey of the Chena River in 1988 and used in the 
release-recovery length analysis. 

Fin Clip Release Recovery 

# 
Survey 

Date 
Tag 

Number1 
---------
ALPRPAN 

ReI. 
Sex 

Length 
(mm) 

Rec. 
Sex 

Length 
(mm) 

1 12-Aug 8550 x f 950 f 890 
2 OS-Aug 8551 x f 970 f 950 
3 10-Aug 8597 x f 910 f 900 
4 11-Aug 8598 X f 895 f 875 
5 
6 

OS-Aug 
OS-Aug 

8603 
8624 

x 
x 

f 
m 

880 
840 

f 
f 

830 
5102 

7 11-Aug 8626 x f 870 f 870 
8 OS-Aug 8629 x f 965 f 950 
9 04-Aug 8631 x f 940 f 935 

10 10-Aug 8637 x f 840 f 780 
11 11-Aug 8641 x f 880 f 850 
12 10-Aug 8646 x f 870 f 850 
13 10-Aug 8653 x f 900 f 870 
14 10-Aug 8666 x f 940 f 920 
15 04-Aug 8670 x f 950 f 955 
16 10-Aug 8673 x f 830 f 815 
17 04-Aug 11676 x x f 890 f 835 
18 
19 

OS-Aug 
29-Ju1 

11678 
11692 

x 
x 

x 
x 

f 
m 

930 
1,020 

f 
f 

950 
9902 

20 03-Aug 11710 .x x f 860 f 770 
21 09-Aug 11727 x x f 855 f 800 
22 04-Aug 11737 x x f 895 f 880 
23 04-Aug 11745 x x f 870 f 890 
24 29-Ju1 11754 x x f 940 f 935 
25 OS-Aug 11783 x x f 845 f 840 
26 09-Aug 11792 x x f 895 f 890 
27 OS-Aug 11799 x x f 980 f 960 
28 03-Aug 11802 x x f 865 f 850 
29 29-Ju1 11808 x x f 900 f 900 
30 08-Aug 11813 x f 960 f 915 
31 OS-Aug 11827 x f 830 f 820 
32 04-Aug 11828 x f 890 f 895 
33 09-Aug 11829 x f 930 f 895 
34 11-Aug 11833 x f 945 f 905 
35 03-Aug 11834 x f 910 f 860 
36 03-Aug 11836 x f 970 f 960 
37 02-Aug 11841 x f 850 f 850 
38 02-Aug 11851 x f 960 f 935 
39 04-Aug 11853 x f 830 f 820 
40 02-Aug 11858 x f 905 f 900 

-Continued
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Appendix B. (po 2 of 2) 

Fin Clip Release Recovery 
Survey Tag ---------- ReI. Length Rec. Length 

# Date Numberl ALPRPAN Sex (mm) Sex (mm) 

41 02-Aug 11859 x f 940 f 935 
42 06-Aug 11868 x f 950 f 930 
43 09-Aug 11870 x f 970 f 955 
44 12-Aug 11876 x f 990 f 9S0 
45 10-Aug 11882 x f 865 f 860 
46 09-Aug 11885 x f 865 f 855 
47 02-Aug 11887 x f 955 f 960 
48 08-Aug 11891 x f 870 f 850 
49 OS-Aug 11900 x f 830 f 825 
50 09-Aug 11902 x f 840 f 850 

51 06-Aug 8545 x m 630 m 595 
52 10-Aug 8556 x m 685 m 63S 
53 OS-Aug ~563 x m 765 m 750 
54 OS-Aug 8568 x m 830 m 790 
55 
56 

05-Aug 
04-Aug 

8586 
86023 x 

x 
x 

m 
m 

710 
860 

m 
m 

710 
860 

57 04-Aug 8608 x m 950 m 955 
58 OS-Aug 8617 x m 890 m 900 
59 ll-Aug 8621 x m 880 m 825 
60 04-Aug 8665 x m 820 m 810 
61 04-Aug 11675 x x m 865 m 830 
62 03-Aug 11724 x x m 910 m 885 
63 OS-Aug 11774 x x m 870 m 880 
64 
6S 

03-Aug 
OS-Aug 

11894 
11899 

x 
x 

m 
f 

1,060 
935 

m 
m 

1,020 
925 2 

1	 Tags numbers 8000 to 9000 were placed during electroshocking and tag 
numbers greater than 11000 were placed during gillnetting. 

2	 Omitted from the analysis because of discrepency between the sexes. 

3	 Was originally tag 11759 (890 mm) and retagged when caught during 
electroshocking. Included with gil1net fish. 
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Appendix C.	 Number of chinook salmon tagged during gillnet 
sampling, by date, and number of tag recoveries 
during the carcass survey from each daily release 
for the Chena River in 1988. 

Release Number of Valid Tag Releases Number of Tags Recovered 
Date <-780 mm >780 mm Total <-780 mm >780 mm 

29-June 0 1 1 0 0 
30-June 0 0 0 0 0 
Ol-July 0 0 0 0 0 
02-July 1 1 2 0 0 
03-July 0 0 0 0 0 
04-July 0 0 0 0 0 
OS-July 1 2 3 0 0 
06-Ju1y 1 3 4 0 0 
07-July 2 11 13 0 2 
08-July 1 2 3 0 1 
09-Ju1y 
10-Ju1y 

4 
0 

S 
4 

9 
4 

0 
0 

0 
11 

11-Ju1y 1 6 7 0 0 
l2-Ju1y 3 3 6 0 0 
13-July 6 11 17 0 3 
l4-July 2 14 16 0 3 
lS-July 
16-July 

2 
1 

19 
11 

21 
12 

0 
0 

3 
21 

17-July 
18-Ju1y 

0 
3 

9 
22 

9 
25 

0 
0 

1 
61 

19-Ju1y 
20-July 

1 
3 

13 
11 

14 
14 

0 
0 

2 
72 

2l-July 2 21 23 0 8 
22-Ju1y 
23-July 
24-July 

3 
0 
0 

16 
11 
11 

19 
11 
11 

0 
0 
0 

3 
43 

43 

2S-July 1 4 S 0 0 
26-July 0 2 2 0 0 
27-July 0 3 3 0 0 

Totals 38 216 254 0 50 

25-July4 48 79 127 S 26 

1	 Includes one fish assigned a release date based on fin clip 
combination and recovery length. 

2	 Includes three fish assigned a release date based on fin clip 
combination and recovery length. 

3	 Includes two fish assigned a release date based on fin clip 
combination and recovery length. 

4	 Data for electroshocking releases. 
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Appendix D.	 Number of chinook salmon examined by date and river 
section and number of tags recovered during the carcass 
survey of the Chena River in 1988. 

Number of Tags Recovered 
Survey Survey Number of Fish Examined <-780 mm >780 mm 

Areal Date <-780 mm >780 mm Total GN2 ES3 GN2 ES 3 

1 3-Aug 19 107 126 0 0 7 0 
1 8-Aug 10 61 71 0 0 3 0 

Subtotal 29 168 197 0 0 10 0 

2 29-July 34 64 98 0 0 5 0 
2 02-Aug 32 90 122 0 0 6 0 
2 04-Aug 29 141 170 0 0 9 6 
2 09-Aug 22 63 85 0 0 7 0 
2 10-Aug 29 48 77 0 1 1 6 

Subtotal 146 406 552 0 1 28 12 

3 OS-Aug 35 97 132 0 3 9 9 
3 06-Aug 21 51 72 0 1 1 0 
3 ll-Aug 7 41 48 0 0 1 4 
3 12-Aug 4 13 17 0 0 1 1 

Subtotal 67 202 269 o 4 12 14 

Totals	 242 776 1,018 o 5 50 26 

1	 Area Definitions: 
1 - dam to Grange Hall Road, 
2 - Grange Hall Road to South Fork, 
3 - South Fork to 3 miles up East Fork. 

2 Fish caught	 and tagged during gi11netting. 

3 Fish caught	 and tagged during e1ectroshocking. 
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